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5.13 Drainage 

5.13.1  Introduction  

The Drainage Section of the EIR analyzes the potential short-term, long-term, and 
cumulative impacts resulting from the construction and operation of the Project and 
alternatives.  The drainage discussion will analyze the drainage conditions in the proposed 
Shingle Springs Interchange region. 

5.13.2  Environmental Setting  

Climate 

THE WINTERS ARE COOL AND MOIST WITH HOT DRY SUMMERS.  THE PEAK 
RAINFALL PERIOD IS BETWEEN JANUARY AND MARCH WHEN THE JET 
STREAM TENDS TO DIP SOUTH OF SAN FRANCISCO BAY AND THE STORM 
TRACK TAKES A SOUTHWESTERLY ROUTE FROM THE PACIFIC THROUGH THE 
BAY AREA AND INTO THE SACRAMENTO-SAN JOAQUIN DELTA.  RAINFALL 
INCREASES RAPIDLY WITH ELEVATION AS THE CLOUDS PILE UP AGAINST THE 
SIERRA NEVADA MOUNTAINS.  WITHIN TWENTY (20) MILES (32.2 KM) ONE 
CAN EXPERIENCE FIFTEEN (15) INCHES TO FORTY (40) INCHES (0.38 M TO 1.0 M) 
OF RAIN PER YEAR.  THIS RAINFALL PATTERN IS PREDICTABLE WITH STORM 
DURATIONS OF 12- 24 HOURS.  WITHIN THESE TOTAL STORM DURATIONS, 
THERE CAN BE PERIODS OF MORE INTENSE SHORT DURATION RAINFALL, 
PARTICULARLY AS THE MAIN COLD FRONT APPROACHES.  SUMMER 
PRECIPITATION IS RARE, USUALLY CAUSED BY MONSOONAL MOISTURE 
FROM EITHER THE GULF OF MEXICO OR GULF OF CALIFORNIA.  WHILE THESE 
SUMMER MONSOONS MAY BRING THUNDERSTORMS TO THE HIGHER 
ELEVATIONS ALONG THE CREST OF THE SIERRAS, THE LOWER ELEVATIONS 
MAY RECEIVE NOTHING MORE THAN A SPRINKLING. 

PRECIPITATION IN THE SLATE CREEK WATERSHED OF WESTERN EL DORADO 
COUNTY AVERAGES BETWEEN THIRTY (30) INCHES AND THIRTY-SIX (36) 
INCHES (0.8 M AND 0.9 M) ANNUALLY (NOAA, 1973).  THE NEAREST WEATHER 
STATION IS IN PLACERVILLE LOCATED SEVEN (7) MILES (11.3 KM) EAST OF 
THE PROJECT SITE. RAINFALL DATA FROM PLACERVILLE WAS NOT USED 
BECAUSE THE ANNUAL AVERAGE IS BETWEEN THIRTY-SEVEN (37) AND 
THIRTY-EIGHT (38) INCHES (0.9 M - 0.96 M), WHILE THE AVERAGE FOR THE 
ENTIRE SLATE CREEK WATERSHED IS APPROXIMATELY THIRTY-FIVE (35) 
INCHES (0.88 M).  THEREFORE, THE NOAA ISOPLUVIALS, LINES OF 
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EQUIVALENT ANNUAL PRECIPITATION, WERE USED TO INTERPOLATE THE 
ANNUAL PRECIPITATION, WHICH IS ESTIMATED TO BE THIRTY-FOUR (34) 
INCHES (0.86 M) ACCOUNTING FOR ELEVATION AND HISTORIC RAINFALL 
ISOPLUVIALS. 

Watershed Setting 

THE PROPOSED PROJECT IS LOCATED WITHIN THE SLATE CREEK WATERSHED, 
WHICH IS APPROXIMATELY 5,365 ACRES (2,171 HA) IN SIZE (FIGURE 5.13-1).  IT 
IS IDENTIFIED AS A PERENNIAL STREAM ON THE USGS SHINGLE SPRINGS 
QUADRANGLE.  THE CREEK BEGINS IN SECTION 26 OF TOWNSHIP 10 NORTH,  
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SEE FIGURE 5.13-1
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RANGE 10 EAST ON THE SHINGLE SPRINGS QUADRANGLE AND FLOWS WEST 
THEN NORTH UNDER STATE HIGHWAY 50, ONE-QUARTER (¼) MILE EAST OF 
THE PROJECT SITE.  THE STREAM PASSES THROUGH THE GRASSY RUN 
RESIDENTIAL COMMUNITY BEFORE MERGING WITH DRY CREEK 
APPROXIMATELY FIVE (5) MILES (8.0 KM) FROM ITS HEADWATERS.  LAND USE 
WITHIN THE SLATE CREEK WATERSHED IS PRIMARILY RURAL RESIDENTIAL 
WITH LOTS VARYING IN SIZE BUT USUALLY COMPRISING FIVE (5) ACRES (2 
HA) OR MORE.  

A SMALL PORTION OF THE PROJECT SITE DRAINS TO TENNESSEE CREEK, 
APPROXIMATELY ONE (1) MILE (1.6 KM) TO THE WEST.  TENNESSEE CREEK, IS 
AN INTERMITTENT STREAM AS IDENTIFIED ON THE USGS SHINGLE SPRINGS 
7.5 MINUTE QUADRANGLE.  THIS CREEK BEGINS IN SECTION 32 OF TOWNSHIP 
10 NORTH, RANGE 10 EAST ON THE SHINGLE SPRINGS QUADRANGLE.  A 
TRIBUTARY OF DRY CREEK, IT HAS THE SAME LAND USE CHARACTERISTICS 
AS THE SLATE CREEK WATERSHED.   

EXISTING DRAINAGE, CULVERTS, AND BRIDGES 

Sub-Basin D1: 

Sub-basin D1 is 36.05 acres (14.5 ha) in size (Figure 5.13-2), originating on the north side of 
Highway 50 at the foot of a cut bank.  Water is dissipated by an accumulation of woody 
debris, detritus, grasses, poison oak, and live oak where sheet flow exits via an asphalt-paved 
drainage way.  Highway runoff joins overland flow from surrounding terrain at the base of 
the fill slope, which comprises the west-bound emergency turnout of Highway 50.  The 
combined runoff flows in an easterly direction for approximately 1,500 feet (457 m), toward 
Culvert 1 (Figure 5.13-1), where it is augmented by discharge from an open concrete drain.  
The cumulative runoff from sub-basin D1 flows to Culvert 1, a 36 inch (0.9 m) diameter 
corrugated metal culvert.  The channel at the culvert inlet is protected from excessive erosion 
by a concrete apron extending approximately four (4) feet upstream.  Based on visual 
inspection, the maximum headwater depth for Culvert 1 is approximately three (3) meters.  
Figure 5.13-2 shows existing drainage patterns within Sub-basin D1. 

Sub-Basin D2: 

Sub-basin D2 comprises 9.23 acres (3.7 ha) on the north side of Highway 50.  Sub-basin D2 
runoff consists of overland flow from rural residential property and the southeast corner of 
the Rancheria.  Surface runoff from the section of Highway 50 between Culverts 1 and 2 
flows into Sub-basin D2 through an open concrete drain.  Sub-basin D2 drains to Culvert 2 
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(Figure 5.13-1), a twenty-four (24) inch (0.6 m) diameter corrugated metal pipe.  Based on 
visual inspection, the maximum headwater depth for Culvert 2 is approximately two (2) 
meters.  Figure 5.13-2 shows existing drainage patterns within Sub-basin D2. 
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See Figure 5.13-2
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Sub-Basin D3: 

Sub-basin D3 is 32.23 acres (13.04 ha) in size, located south of the project area, originating 
at the crest of the Highway 50 cut (Figure 5.13-2).  Surface runoff flows approximately 
twelve hundred (1,200) feet (365.7 m) in an easterly direction, and drains off the highway via 
a paved curb and gutter. The flow path is, however, blocked by debris, resulting in the 
diversion of runoff into an open field and creation of an eroded gully on private property 
adjacent to the highway ROW.  Highway runoff combines with overland flow, and discharge 
from Culverts 1 and 2, at the foot of the east-bound Highway 50 fill slope.  Sub-basin D3 has 
no culvert outlet. The combined runoff from Sub-basins D1 - D3 is tributary to Slate Creek 
approximately 0.25 mile (0.4 km) east of the project site, and three hundred (300) feet (91.4 
m) upstream from the Highway 50 Slate Creek culvert.  Figure 5.13-3 shows existing 
drainage patterns within Sub-basin D3. 

Sub-Basin SC1: 

Sub-basin SC1 encompasses the watershed area, excluding sub-basins D1 - D3, tributary to 
the Highway 50 Slate Creek Culvert. Sub-basin SC1 drains an area of approximately 4,735 
acres (1,916 ha).  The Highway 50 Slate Creek culvert (Figure 5.13-1) is approximately 
fifteen (15) feet (4.6 m) in diameter, three hundred (300) feet (91 m) in length, and follows 
the historic channel alignment. Field observations indicate the possible presence of a natural 
spring in the channel, upstream of the culvert.  The culvert outfall has a well-established pool 
and riparian habitat. 
 
Sub-Basin D4: 

Sub-basin D4 (Figure 5.13-2) is 52.32 acres (2,117 ha) in extent, draining the southwest 
portion of the project site, and approximately two hundred (200) feet (60.9 m) of east-bound 
Highway 50.  Roadway runoff is directed via curb and gutter to a paved open drain that flows 
in a westerly direction, and discharges to a grassy swale at the base of the east-bound 
Highway 50 fill slope.  The swale also collects runoff from the remainder of the sub-basin, 
and conveys it to Culvert 3 (Figure 5.13-1), a thirty-six (36) inch (0.9 m) diameter 
corrugated metal pipe.  Based on visual inspection, the maximum headwater depth for 
Culvert 3 is approximately three (3) meters.  Sub-basin D4 is tributary to Tennessee Creek.  
Figure 5.13-4 shows existing drainage patterns within Sub-basin D4. 
 
Sub-Basin SC2: 

Sub-basin SC2 (Figure 5.13-2) is comprised of 552.17 acres, representing the incremental 
drainage area between the Highway 50 Slate Creek culvert, and the confluence of Slate  
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See Figure 5.13-3 
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See Figure 5.13-4
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CREEK WITH DRY CREEK. A ONE HUNDRED FORTY-TWO (142) ACRE (57.5 HA) 
PORTION OF SUB-BASIN SC2, HEREINAFTER REFERRED TO AS SUB-BASIN SC2', 
IS TRIBUTARY TO SLATE CREEK AT THE RESERVATION ROAD BRIDGE 
CROSSING. 
 
THE RESERVATION ROAD BRIDGE HAS A SPAN OF APPROXIMATELY THIRTY-
FIVE (35) FEET (10.6 M), WITH ITS LOW CHORD APPROXIMATELY EIGHT (8) 
FEET (2.4 M) ABOVE THE FLOW LINE OF SLATE CREEK.  VISUAL INSPECTION 
OF THE OVER BANK AREA INDICATED HIGH WATER MARKS AT 
APPROXIMATELY 8 FOOT (2.4 M) DEPTH. 
 
Methodology  

Watershed Delineation 

The majority of the Proposed Project site, approximately ninety-five percent (95%), is within 
the Slate Creek watershed.  The portion of the Project within the Tennessee Creek watershed 
has previously been analyzed by Caltrans in conjunction with studies of Highway 50 
widening.  Since design alternatives for the Proposed Project would have minimal impact on 
discharge to Tennessee Creek, the present study focuses on the Slate Creek watershed. 
 
The boundaries of the Slate Creek watershed, delineated on the USGS 7.5 minute Shingle 
Springs Quadrangle, are shown in Figure 5.13-1.  The highest point in the watershed is at the 
Logtown historic town site, at elevation 2,012 feet (613 m); the lowest point is at the 
confluence of Slate Creek with Dry Creek, at elevation 1,160 feet (354 m). 
 
THE SLATE CREEK WATERSHED WAS DIVIDED INTO FIVE SUB-BASINS, 
DESIGNATED SUB-BASINS D1, D2, D3, SC1, AND SC2, REPRESENTING AREAS 
TRIBUTARY TO KEY POINTS FOR WHICH STREAM FLOWS WERE EVALUATED.  
A SINGLE SUB-BASIN, SUB-BASIN D4, TRIBUTARY TO TENNESSEE CREEK, WAS 
IDENTIFIED. SITE INSPECTION WAS USED TO VERIFY EFFECTS OF 
INFRASTRUCTURE SUCH AS ROADS, CULVERTS, AND OTHER DRAINAGE 
STRUCTURES, ON THE PLACEMENT OF SUB BASIN BOUNDARY LINES.  
WATERSHED BOUNDARIES ARE SHOWN ON FIGURE 5.13-1.  THE SUB-BASINS 
THAT RESULTED ARE DESCRIBED IN THE FOLLOWING PARAGRAPHS. TABLE 
5.13-1 SUMMARIZES THE SUB-BASIN DESCRIPTIONS. 
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Soils 
SOILS ARE ONE OF THE PRIMARY INFLUENCES ON SURFACE RUNOFF RATES.  
INFILTRATION RATES OF SOILS VARY WIDELY AND ARE AFFECTED BY 
SUBSURFACE PERMEABILITY AS WELL AS BY SURFACE INTAKE RATES.  THE 
UNITED STATES DEPARTMENT OF AGRICULTURE, NATURAL RESOURCES 
CONSERVATION SERVICE, HAS CLASSIFIED SOILS INTO FOUR (4) HYDROLOGIC 
SOIL GROUPS, BASED ON THE MINIMUM INFILTRATION RATES OF THE SOILS.  
HYDROLOGIC SOIL GROUPS ARE RANKED A TO D.  SOILS IN GROUP A HAVE 
THE HIGHEST 
 

Table 5.13-1 Summary Description Of Drainage Sub-Basins 
 

 
Sub-Basin 

Area 
(Acres) 

 
Descriptions 

 
 D1 

 
36.06 

AREA TRIBUTARY TO CULVERT 1; LOCATED NORTH OF HWY 50, 
ADJACENT TO HWY; TRIBUTARY TO SLATE CREEK UPSTREAM OF 
HWY 50 

 
 D2 

 
9.23 

AREA TRIBUTARY TO CULVERT 2; LOCATED NORTH OF HWY 50, 
ADJACENT TO HWY; TRIBUTARY TO SLATE CREEK UPSTREAM OF 
HWY 50 

 
 D3 

 
32.23 

Located south of Hwy 50, adjacent to hwy; receives outflow from sub-
basins D1 & D2; discharges directly into Slate Creek 

 
 D4 

 
52.32 

Area tributary to Culvert 3; located south of Hwy 50, adjacent to hwy; 
discharges into Tennessee Creek 

 
 SC1 

 
4,375 

Area (excluding D1-D3) tributary to Hwy 50 Slate Creek culvert; 
LOCATED SOUTH OF HWY 50 

 
 SC2 

 
552.17 

Incremental area tributary to Slate Creek downstream of the Hwy 50 
culvert; primarily located north of Hwy 50; SC2 includes most of the 
Rancheria & the Grassy Run residential community 

 
SC2’ 

 
142 

Portion of sub-basin SC2; tributary to Slate Creek above Reservation 
Road 

SOURCE: GENE E. THORNE & ASSOCIATES, INC., 2001 

 
rates of infiltration and water transmission, while those in group D have low infiltration rates 
and high runoff potential.  
 
Surface runoff is also influenced by the extent and type of soil cover, or disturbances to the 
soil profile.  Within the project area, cover conditions vary, and include the following:  
impervious surfaces, bedrock, graveled drives, dirt roads and drives, paved roads and drives, 
residences and surrounding outbuildings and yards, managed grazing, and undisturbed 
natural conditions. 
 
As indicated in the El Dorado Soil Survey, the Proposed Project is underlain by soils having 
two basic hydrologic characteristics.  Diamond Springs sandy loam, Dfd, is shown within a 
portion of the project.  In reality, however, this area consists of exposed bedrock.  For 
purposes of runoff analyses, this is treated as impermeable surface area.  Soils of the 
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approximately 5.6 acre (2.3 ha) project site, as well as those adjacent to Highway 50, are 
classified in hydrologic soil group D.  Soils within the rest of the Slate Creek watershed were 
also determined to be in hydrologic soil group D. 
 
The Soil Conservation Service has developed a relationship between soil type and runoff 
potential, expressed as a runoff curve number (CN).  The major factors that determine CN 
are the hydrologic soil group, cover type, treatment, hydrologic condition, and antecedent 
runoff condition.  Curve numbers representing average antecedent moisture conditions for 
pre-development conditions within the sub-basins identified in this study (Table 5.13-2). 
 

Table 5.13-2 Curve Number Representing Average Antecedent Moisture 
Condition For Pre-Development Conditions Within Sub-Basins 

 
Sub-Basin Curve Number 

 
D1 

 
82 

D2 86 
D3 85 
D4 82 

SC1 80 
SC2 80 

Source: Gene E. Thorne & Associates, Inc., 2001 
 

Post-Development Conditions 

Any disturbance of soil profile or changes in soil cover will change the runoff characteristics 
of a watershed.  The interchange project will alter approximately 5.6 acres (2.3 ha) within the 
project site, and a portion of the ROW for the proposed west-bound on-ramp.  Future 
modifications are located in sub-basin D1 only.  Infiltration rates in approximately four 4 
acres ( 1.6 ha) within sub-basin D1 would be affected by the project.  These changes involve 
2.27 acres (0.9 ha) of new roadway and 1.75 acres (0.7 ha) of disturbed surface area adjacent 
to the interchange and access road.   
 
Implementation of the Proposed Project would raise the runoff curve number of sub-basin D1 
from eighty-two (82) to eighty-five (85), due to creation of additional impervious area within 
the sub-basin. Runoff curve numbers in all other sub-basins are unchanged for post-
development conditions.  The post-development condition is the same for either of the 
interchange design alternatives.  
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Runoff Computations 

Rational Method 

Peak runoff expected to occur over sub-basins D1 through D4 was computed by means of the 
Rational Method.  The equation is:  Q = C I A, where Q is the rate of surface discharge, in 
cubic feet per second (cfs).  

The runoff coefficient “C” is a dimensionless factor representing the percent of water 
expected to run off the ground surface during the storm.  The coefficient “C” is determined 
through consideration of topographic relief in the sub-basin, soil infiltration capacity, vegetal 
cover, and availability of surface storage.  Runoff coefficients applicable for the ten (10) year 
storm were determined from Figure 819.2A and Table 819.2B of the Highway Design 
Manual and adjusted by a frequency factor of 1.25 for computing one hundred (100) year 
storm runoff. 
 
The value of “I” represents rainfall intensity, in inches per hour, for rainfall duration equal to 
the time of concentration computed for the sub-basin under analysis.  Values of “I” are 
obtained from rainfall intensity-duration-frequency tables included in the El Dorado County 
Drainage Manual.  For this project an average annual precipitation of thirty-four (34) inches 
(0.86 m) was obtained.  Design discharge, as computed by the Rational Method has the same 
probability of occurrence (design frequency) as the frequency of the rainfall used.  
 
In order to select the appropriate rainfall intensity for use in the Rational Method equation, it 
is necessary to know the time of concentration for the sub-basin in question.  Time of 
concentration is defined as the time it takes for water falling on the most hydraulically distant 
point in the sub-basin to reach the outlet.  Times of concentration may be computed using 
empirical formulas based on flow lengths, and watershed slopes, or may be estimated from 
field observations.  For sub-basins D1 through D4, times of concentration were estimated 
from field conditions, taking into account surface roughness, debris accumulation, presence 
of detention structures, and estimated travel distance and route.  These values, shown in 
Table 5.13-3, are comparable to those used in the Drainage Report for the Shingle Springs 
Rancheria Casino EA (Gene E. Thorne & Associates, Inc., 2001).   
 
Determination of sub-basin areas was described in a preceding section. 
The Rational Method was used to compute peak discharge for each sub-basin, under both pre 
and post development conditions.  The Proposed Project would change the runoff 
characteristics of only sub-basin D1.  The effects of the project cause the CN in sub-basin D1 
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to increase to eighty-five (85).  The results of the peak discharge computation are 
summarized in Table 5.13-3. 
 
Hydrograph Method (HEC-1) 

Use of the Rational Method for peak flow computation is limited to watershed areas less than 
three hundred twenty (320) acres (129 ha).  However, as part of this study, it was desired to 
compute runoff at key points with drainage areas in excess of three hundred twenty (320) 
acres (129 ha).  These key points are located on Slate Creek where flow from two or more 
drainage sub basins is combined.  A hydrograph method of estimating design discharge is 
used for determining the combined rate of runoff from two or more drainage areas that peak 
at different times.  Section 819.6 of the Highway Design Manual cites the US Army Corps of 
Engineers HEC-1 Flood Hydrograph Package as a commonly used method for hydrograph 
simulation. 
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Table 5.13-3  Summary Of Peak Runoff Computations For  
Sub-Basins D1 Through D4  

 
Pre-Development Peak Runoff 

 10-Year Storm 100-Year Storm 
 
 

Drainage 
Shed 

 
 

Area 
(Acres) 

 
Curve 

Number 
(CN) 

Time 
Of 

Concen
tration 
(Min.) 

 
Runoff
Coeff. 

(C) 

 
Rainfall 
Intensity 

(‘I’; 
In/hr) 

Peak 
Runoff 
Q=CIA 
(Cfs) 

 
Runoff 
Coeff. 

(C) 

 
Rainfall 
Intensity 

(‘I’; 
In/hr) 

Peak 
Runoff 
Q=CIA 
(Cfs) 

 
D1 

 
36.05 

 
82 

 
30 

 
0.58 

 
1.22 

 
 25.5 

 
0.72 

 
1.73 

 
44.90 

D2 9.23 86 15 0.60 1.7 9.41 0.75 2.42 16.75 
D3 32.23 85 30 0.60 1.22 23.59 0.75 1.73 41.82 
D4 52.32 82 30 0.58 1.22 37.02 0.72 1.73 65.17 

Post-Development Peak Runoff 
 10-Year Storm 100-Year Storm 

 
 

Drainage 
Shed 

 
 

Area 
(Acres) 

 
Curve 

Number 
(CN) 

Time 
Of 

Concen
tration 
(Min.) 

 
Runoff
Coeff. 

(C) 

 
Rainfall 
Intensity 

(‘I’; 
in/hr) 

Peak 
Runoff 
Q=CIA 
(cfs) 

 
Runoff 
Coeff. 

(C) 

 
Rainfall 
Intensity 

(‘I’; 
in/hr) 

Peak 
Runoff 
Q=CIA 
(cfs) 

          
D1 36.05 85 30 0.62 1.22 27.27 0.78 1.73 48.65 
D2 9.23 86 15 0.60 1.7 9.41 0.75 2.42 16.75 
D3 32.23 85 30 0.60 1.22 23.59 0.75 1.73 41.82 
D4 52.32 82 30 0.58 1.22 37.02 0.72 1.73 65.17 

SOURCE:  GENE E. THORNE & ASSOCIATES, INC., 2001 

 
A HEC-1 flow network was developed in order to compute flows in Slate Creek at the 
Reservation Road Bridge, and at the confluence of Slate Creek with Dry Creek.  For the 
HEC-1 analyses, Sub basins D1 through D3 were treated as a single shed area, while the 
portion of Sub basin SC2 that contributes to flow in Slate Creek at the bridge location was 
treated as a separate sub basin, referred to as Sub-basinSC2'.  Sub-basin D4 is not tributary to 
Slate Creek at the key points identified for analysis.  Therefore, Sub-basin Dr is not included 
in the HEC-1 computations. 
 
Input data requirements for HEC-1 are similar to those for the peak discharge method.  
However, the HEC-1 model simulates surface runoff response over a period of time, rather 
than as a single value. Precipitation data represents a storm of given duration, with temporal 
distribution characteristic of storms affecting the watershed location.  For the present 
analyses, a twenty-four (24) hour, SCS Type 1 storm was simulated.  Computations are based 
on the SCS curve number loss rate and use of an SCS dimensionless unit graph. Sub-basin 
lag times were taken to be equivalent to 0.6Tc, with time of concentration, Tc, estimated 
using the equation: Tc = (11.9L3/H)0.385, where L is length of watercourse, in miles, and H is 
elevation difference within the watershed, in feet.  HEC-1 input parameters are summarized 
in Table 5.13-4 below. 
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Table 5.13.4   HEC-1 Input Parameters  

 
 

Sun-Basin 

 
Area 

(sq. mi.) 

 
Pre-Development 

CN 

Post- 
Development 

CN 

 
LAG 
(hrs.) 

 D1 thru D3 0.12 83.7 85.1 0.30 
 SC1 7.40 80 80 1.1 
 SC2 0.64 80 80 0.60 
 SC2’ 0.22 80 80 0.50 

Source:  Gene E. Thorne & Associates, Inc., 2001 
 
 
Results of the HEC-1 hydrograph analyses are shown in Table 5.13-5. 
 

Table 5.13-5   Peak Runoff Hydrograph Computations Using HEC-1 

 10-YEAR STORM 100-YEAR STORM 
 
 

Location 

Pre- 
Development 

(cfs) 

Post-
Development 

(cfs) 

Pre- 
Development 

(cfs) 

Post-
Development 

(cfs) 
Slate Creek at Hwy 50 2541 2542 4392 4392 
Slate Creek at Reservation 
Road Crossing 

 
2593 

 
2594 

 
4483 

 
4484 

Slate Creek at confluence with 
Dry Creek 

 
2752 

 
2752 

 
4765 

 
7466 

Source:  Gene E. Thorne & Associates, Inc., 2001 
 

TABLE 5.13-6 SUMMARIZES THE RESULTS OF THE TR-55 HYDROGRAPH 
COMPUTATIONS.  IT SHOULD BE NOTED THAT PEAK FLOWS COMPUTED IN 
THE TR-55 ANALYSES ARE COMPARABLE TO THE HEC-1 RESULTS, AND SHOW 
NO IMPACT ON FLOWS IN SLATE CREEK RESULTING FROM PROJECT 
DEVELOPMENT. 
 

Table 5.13-6  TR-55 Runoff Summary 

Pre-Development Runoff at Key Points in Slate Creek Watershed 
 10 Year Storm 100 Year Storm 

Location Tributary 
Sub- 

basin(s) 

 
Area 
(mi2) 

 
Composite 

CN 

SCS 
Storm 
Type 

24 hr. 
Precip.

(in.) 

Computed 
Runoff 
(cfs) 

24 hr. 
Precip. 

(in.) 

Computed 
Runoff 
(cfs) 

 
Hwy 50 
Culvert 

 
SC1+D1- 
DE 

 
7.52 

 

 
80 

 
I 

 
4.51 

 
2,659 

 
6.39 

 
4,520 

 
Reservation 
Rd. Bridge 

 
SC1=D1- 
D3+SC2’ 

 
7.74 

 
80 

 
I 

 
4.51 

 
2,737 

 
6.39 

 
4,652 

 
Dry Creek 
Confluence 

 
SC1+D1- 
D3+SC2 

 
8.16 

 
80 

 
I 

 
4.51 

 
2,885 

 
6.39 

 
4,904 
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Table 5.13-6 (Cont.) Tr-55 Runoff Summary 
 

Post Development Runoff at Key Points in Slate Creek Watershed 
 10 Year Storm 100 Year Storm 

Location Tributary 
Sub- 

basin(s) 

 
Area 
(mi2) 

 
Composite

CN 

SCS 
Storm 
Type 

24 hr. 
Precip. 

(in.) 

Computed
Runoff 
(cfs) 

24 hr. 
Precip.

(in.) 

Computed
Runoff 
(cfs) 

         
 
Hwy 50 
Culvert 

 
SC1+D1- 
D3 

 
7.52 

 
80 

 
I 

 
4.51 

 
2,659 

 
6.39 

 
4,520 

 
Reservation 
Rd. Bridge 

 
SC1+D1- 
D3+SC2’ 

 
7.74 

 
80 

 
I 

 
4.51 

 
2,885 

 
6.39 

 
4,652 

 
Dry Creek 
Confluence 

 
SC1+D1- 
D3+SC2 

 
8.16 

 
80 

 
I 

 
4.51 

 
2,885 

 
6.39 

 
4,904 

Source:  Gene E. Thorne & Associates, Inc., 2001 

Predicted Discharge 

IN ORDER TO ESTIMATE PROJECT IMPACTS, IT IS NECESSARY TO CALCULATE 
THE PREDICTED SURFACE DISCHARGE OVER THE PROJECT AREA SUB-BASINS.  
THIS WAS DONE BY COMPARING THE PRE AND POST PROJECT RESULTS FOR 
DRAINAGES 1-4.  THE RATIONAL METHOD WAS USED ON AREAS SC1 AND SC2 
AND EACH SEGMENT OF BOTH DESIGN ALTERNATIVES.  SINCE NO 
CONSTRUCTION WILL OCCUR IN DRAINAGES SC1 AND SC2, NO CHANGES TO 
DISCHARGE WILL OCCUR.  THE SAME CRITERIA AND ASSUMPTIONS ARE 
MADE FOR THE ANALYSIS OF POST-PROJECT DISCHARGE: 

• RUN OFF INCREASES WITH STORM INTENSITY; 
• TIME OF CONCENTRATION IS NOT ALTERED BY THE PROJECT;   
• FIELD OBSERVATIONS AND MEASUREMENTS ARE COMPARABLE 

TO THE DESIGN PARAMETERS OF CULVERTS. 
 
THE ONLY CRITERION THAT HAS CHANGED IS THE WEIGHTED RUNOFF 
COEFFICIENT.  THIS NUMBER HAS BEEN READAPTED FOR EACH SEPARATE 
SUB-BASIN THAT WILL HAVE IMPERMEABLE SURFACE AREA ADDED, OR AN 
ALTERED HYDRAULIC GRADIENT.  SEPARATE SETS OF NUMBERS ARE 
AVAILABLE FOR BOTH INTERCHANGE DESIGNS CONSIDERED.   
 
The hydraulic gradients and drainage patterns are best maintained in the Flyover design 
option.  Only surface discharge from the east-bound off-ramp will be redirected to Tennessee 
Creek. The estimated volume is 0.34 cfs.   The Diamond Interchange design directs more 
flow from the Slate Creek sub-basins to the Tennessee Creek.  The redirected water volume 
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from the Diamond Interchange design is 0.52 cfs.  The locations of the hydraulic gradient 
breaks are found in Figure 5.13-5 and Figure 5.13-6 and Tables 5.13-7 and 5.13-8.   
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See Figure 5.13-5
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See Figure 5.13-6
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Table 5.13-8 shows the predicted discharge from each segment of each alternative and the 
predicted design discharge for each storm return period.  Table 5.13-8 shows the predicted 
contribution to each sub-basin for both alternatives.  Both tables show discharge is 
comparable for each alternative. 
 
THE ADDITIONAL LANE (FIGURE 5.13-7) HAS BEEN DISCOUNTED BECAUSE 
DISCHARGES FROM THIS ARE NOT EXPECTED TO CHANGE SINCE THE 
SURFACE HAS NEAR TOTAL RUNOFF (~0.97) UNDER CURRENT CONDITIONS.  
SURFACE DISCHARGE FROM THE ADDITION OF THIS LANE WILL BE 
TRANSPORTED THROUGH THE EXISTING CENTERLINE DRAINAGE DITCH.  
CALTRANS, IN PLANNING FOR FUTURE EXPANSION OF HIGHWAY 50 FROM A 
FOUR (4) LANE TO A SIX (6) LANE, HAS CONSIDERED THE ADDITIONAL 
SURFACE RUNOFF TO BE A LESS THAN  
SIGNIFICANT IMPACT (RHOADS, PERS. COMM.).  NO WATER WILL BE 
REDIRECTED TO A NEIGHBORING WATERSHED.   
 

Table 5.13-7 Predicted Surface Discharge (cfs) Of Roadway 
Segments For The Flyover Design And 

Diamond Design Interchange Alternatives 

1 HR STORM RETURN INTERVAL  
INTERCHANGE SEGMENT 2.33YR 10 YR 25 YR 50 YR 100 YR 
FLYOVER DESIGN  
EASTBOUND OFF-RAMP 0.69 1.09 1.20 1.32 1.45 
EASTBOUND ON-RAMP 0.53 0.78 0.92 1.02 1.11 
WEST BOUND OFF-RAMP 0.46 0.67 0.80 0.89 0.97 
WESTBOUND ON RAMP 0.41 0.61 0.72 0.80 0.87 
ARTESIA 0.10 0.15 0.17 0.19 0.21 
ACCESS ROAD 0.59 0.87 1.03 1.14 1.25 
AUXILIARY LANE 0.80 1.17 1.39 1.54 1.68 
DESIGN TOTAL DISCHARGE (CFS) 3.57 5.25 6.06 6.89 7.53 
DIAMOND DESIGN  

EASTBOUND OFF-RAMP 0.32 0.47 0.56 0.62 0.67 
EASTBOUND ON-RAMP 0.38 0.56 0.67 0.74 0.81 
WEST BOUND OFF-RAMP 0.40 0.58 0.69 0.76 0.83 
WESTBOUND ON RAMP 0.28 0.42 0.50 0.55 0.60 
ARTESIA 0.10 0.15 0.17 0.19 0.21 
ACCESS ROAD 1.05 1.55 1.83 2.03 2.28 
AUXILIARY LANE 0.80 1.17 1.39 1.54 1.68 
DESIGN TOTAL DISCHARGE (CFS) 3.33 4.89 5.81 6.42 7.02 

  Source:  AES, 2001; Mark Thomas & Co., Inc., 2001; El Dorado County, 1995 
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NOT ALL DISCHARGE FROM THE PROPOSED PROJECT HAS BEEN CONSIDERED 
ADDITIONAL DISCHARGE.  DISCHARGE FROM ALTERED HYDRAULIC 
GRADIENTS HAS BEEN CONSIDERED AS REDISTRIBUTED DISCHARGES 
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See Figure 5.13-7
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FROM EXISTING SUB-BASINS.  TABLE 5.13-8 IDENTIFIES THE POST-PROJECT 
DISCHARGE AND RECEIVING DRAINAGE OF EACH DESIGN ALTERNATIVE.  
THIS WOULD STILL ALTER THE SURFACE DRAINAGE BUT WOULD NOT BE 
CONSIDERED ADDITIONAL DISCHARGE.  BECAUSE MUCH OF THE PROPOSED 
PROJECT WILL BE CONSTRUCTED ON ALREADY IMPERVIOUS SURFACES, 
DISCHARGE FROM THESE AREAS IS NOT CONSIDERED ADDITIONAL.  THE 
ONLY DISCHARGE TO ACTUALLY BE CONSIDERED AS ADDITIONAL IS FROM 
THE ACCESS ROAD LEADING THROUGH THE 5.6-ACRE PARCEL.   
 

TABLE 5.13-8 Predicted Discharge (Cfs) Into Sub-Basins 
By Interchange Design Alternatives 

 
Alternative Interchange Discharge to Sub-basin  

Flyover Design Drainage 1 Drainage 2 Drainage 3 Drainage 4 
Return Period 

Total 
2.33 year 1.91 0.12 0.53 1.01 3.57 
10 year 2.81 0.18 0.77 1.49 5.25 
25 year 3.33 0.22 0.92 1.59 6.06 
50 year 3.69 0.24 1.01 1.95 6.89 
100 year 4.03 0.26 1.11 2.13 7.53 
  
Diamond Design  

2.33 YEAR 1.20 0.21 0.74 1.19 3.34 
10 year 1.76 0.31 1.08 1.74 4.89 
25 year 2.09 0.37 1.28 2.07 5.81 
50 YEAR 2.30 0.41 1.42 2.28 6.41 
100 year 2.52 0.45 1.55 2.50 7.02 

  Source: AES, 2001; Mark Thomas & Co., Inc., 2001; El Dorado County, 1995 
 

5.13.3  Impacts And Mitigation Measures  

Significance Criteria 

DRAINAGE IMPACTS FOR THIS PROJECT WILL BE CONSIDERED SIGNIFICANT IF 
THE ADDITIONAL FLOWS FOR PREDETERMINED STORM EVENTS EXCEED THE 
DESIGN CAPACITIES OF EXISTING STRUCTURES (FOUR CULVERTS AND ONE 
BRIDGE DOWNSTREAM OF THE PROPOSED PROJECT) OR CAUSE SURFACE 
EROSION ABOVE BACKGROUND LEVELS DEFINED BY THE NRCS UNIVERSAL 
SOIL LOSS EQUATIONS.  FOR STREAM CULVERTS THIS WOULD MEAN THE 
EXCEEDANCE OF THE ALLOWABLE HEADWATER AND/OR CAUSING 
EXCESSIVE EROSION OF THE CULVERT EMBANKMENTS.  AS IT APPLIES TO 
THE DESIGN CAPACITY OF BRIDGES, THE ADDITIONAL DISCHARGE MUST NOT 
EXCEED THE EXPECTED PEAK FLOW SURFACE ELEVATION OF WATERS 
DURING A ONE HUNDRED (100) YEAR EVENT OR SIGNIFICANTLY CONTRIBUTE 
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TO AN EXISTING EXCEEDANCE.  THIS LIMIT IS ONE (1) FOOT BELOW THE 
BOTTOM ELEVATION OF THE BRIDGE.  AS WITH CULVERTS, EROSION MUST 
NOT BE ACCELERATED AT THE BRIDGE ABUTMENTS. 

Cross culverts must be able to pass a ten (10) year storm flow at no more than 1 pipe 
diameter water depth.  Water in excess of this limit is to be retained behind the road crossing 
up to a predetermined elevation for a one hundred (100) year storm event.  Additions that 
cause the ten (10)-year event to exceed one (1) pipe diameter or exceed the one hundred 
(100) year retention elevation will be considered significant. 

Impact/ Mitigation 

Impact  5.13-1   Peak Flow 

AA  Since the No Project/Action Alternative will not result in an increase in 
impervious surfaces the existing surface discharge predictions will remain the 
same.  Therefore, the No Project/Action Alternative is not expected to result 
in a significant impact to the environment. 

AB, AC  THE MAXIMUM EXPECTED ADDITIONAL DISCHARGE IS DURING A 
ONE HUNDRED (100) YEAR, ONE (1) HOUR STORM.  HALF OF THE 
ADDITIONAL PAVED AREA WILL BE CONSTRUCTED ON EXISTING 
IMPERVIOUS SURFACES LEADING TO NO NET INCREASE OF PEAK 
DISCHARGE FROM THESE AREAS. HOWEVER, IMPERVIOUS 
SURFACES PLACED ON TOP OF THE 5.6 ACRE (2.3 HA) TRUST 
PARCEL, THE RANCHERIA, AND THE NORTHERN CALTRANS 
RIGHT OF WAY WILL ADD 2.27 ACRES (.92 HA) OF IMPERVIOUS 
SURFACE AREA AND 1.75 ACRES (.71 HA) OF OTHER ALTERED 
SURFACES (SLOPES, FILL AREAS, GRADED SWALES, ETC.).  THE 
SOIL IS ALREADY PRONE TO HIGH DISCHARGES DURING STORMS 
(82% DURING A 2.33 YEAR EVENT ACCOUNTING FOR SLOPES AND 
LAND COVER), SO THE ADDITIONAL INCREASES AS PART OF THE 
WEIGHTED AVERAGE ADD TO A NATURALLY HIGH DISCHARGE. 
THE POST PROJECT WEIGHTED RUNOFF COEFFICIENT IS EIGHTY-
FIVE (85), WITH THE PREDICTED CHANGE IN DISCHARGE BEING 
THREE (3) CFS FOR THE IMPACTED PROJECT AREA DURING A 2.33-
YEAR EVENT.  THESE ADDITIONAL DISCHARGES AND RESULTING 
PEAK FLOWS WILL NOT EXCEED THE DESIGN REQUIREMENTS OF 
THE EXISTING CULVERTS.  THEREFORE, THE FLYOVER 
INTERCHANGE ALTERNATIVE DESIGN AND THE DIAMOND 
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INTERCHANGE ALTERNATIVE DESIGN ARE NOT EXPECTED TO 
RESULT IN A SIGNIFICANT IMPACT TO THE ENVIRONMENT. 

Mitigation  5.13-1   Peak Flow 

None Required  

Impact 5.13-2  Structural Alterations To Existing Surface Drainage 
Patterns 

AA  Since the No Project/Action Alternative will not result in an increase in 
impervious surfaces the existing surface discharge predictions will remain the 
same.  Therefore, the No Project/Action Alternative is not expected to result 
in a significant impact to the environment.    

AB THE WEST-BOUND OFF-RAMP WILL LIKELY RESULT IN THE IN 
FILLING OF THE DRAINAGE CHANNEL FOR DRAINAGE AREA 1 
(D1).  PRESENTLY, THE WATER IN THIS CHANNEL IS DOWN 
CUTTING THROUGH THE NATIVE SOILS BEFORE ENCOUNTERING 
BEDROCK NEAR CULVERT #1.  THE DOWN CUTTING BEGINS ON 
THE NORTHEAST END OF THE WESTBOUND EMERGENCY 
TURNOUT AND CONTINUES FOR APPROXIMATELY THREE 
HUNDRED (300) FEET (91 M) REACHING DEPTHS OF UP TO EIGHT 
(8) FEET (2.4 M).  THE CROSS-SECTION FOR THE WESTBOUND 
RAMP SHOWS A GRADED SLOPE THAT WOULD RESULT IN THIS 
CHANNEL BEING FILLED. THIS WOULD RESULT IN THE EXISTING 
DRAINAGE CHANNEL BEING FILLED AND A NEW CHANNEL BEING 
CONSTRUCTED CLOSER TO PRIVATE PROPERTY.  THEREFORE, 
THE FLYOVER INTERCHANGE DESIGN ALTERNATIVE IS 
EXPECTED TO RESULT IN A SIGNIFICANT MITIGABLE IMPACT 
TO THE ENVIRONMENT.  

AC THE DIAMOND DESIGN WILL ALTER EXISTING HYDRAULIC 
GRADIENTS.  THESE ALTERATIONS TO THE HYDRAULIC 
GRADIENTS WILL TRANSFER WATER FROM THE SLATE CREEK 
WATERSHED TO THE TENNESSEE CREEK WATERSHED. THE 
ELEVATED OFF-RAMPS AND ROADWAYS WILL LEAVE OPEN SOIL 
UNDERNEATH.  THIS SOIL WILL HAVE DIFFERENT RE-
VEGETATION CHARACTERISTICS THAN PRE-PROJECT AND WILL 
ALTER THE SOIL MOISTURE AND STORM DISCHARGE BUDGET.  IF 
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THE SOIL IS NOT IN OPTIMAL CONDITION TO RECEIVE 
PRECIPITATION, IT WILL NOT RE-VEGETATE APPROPRIATELY, 
THEREBY GENERATING ADDITIONAL SURFACE DISCHARGE AND 
SUSPENDED SEDIMENTS.  THEREFORE, THE DIAMOND 
INTERCHANGE DESIGN ALTERNATIVE IS EXPECTED TO RESULT 
IN A SIGNIFICANT MITIGABLE IMPACT TO THE ENVIRONMENT. 

Mitigation  5.13-2   Structural Alterations To Existing Surface Drainage 
Patterns 

The following mitigation will assure that the proposed project will result is a 
less than significant impact. 

(A) MITIGATION FOR AB INCLUDES INSTALLING A CULVERT 
FOR THE LENGTH OF THE FILLED IN CHANNEL. 

(B) MITIGATION FOR AC INCLUDES RE-VEGETATING WITH 
APPROPRIATE PLANTS FOR THE CONDITIONS CREATED BY 
THE RAISED OFF-RAMPS AND ROADWAYS.  MITIGATION 
FOR THE ALTERED HYDRAULIC GRADIENTS IS ADDRESSED 
BY THE ADDITIONAL DISCHARGE BEING RETAINED IN A 
DETENTION RESERVOIR ON THE RANCHERIA AFTER 
CONSTRUCTION OF THE CASINO/HOTEL.   

Impact  5.13-3   Impacts To Existing Drainage Structures 

AA  SINCE THE NO PROJECT/ACTION ALTERNATIVE WILL NOT 
RESULT IN AN INCREASE IN IMPERVIOUS SURFACES THE 
EXISTING SURFACE DISCHARGE PREDICTIONS WILL REMAIN THE 
SAME.  THEREFORE, THE NO PROJECT/ACTION ALTERNATIVE IS 
NOT EXPECTED TO RESULT IN A SIGNIFICANT IMPACT TO THE 
ENVIRONMENT. 

AB  INCREASES IN PEAK RUNOFF OF ≤1 CFS, REPRESENTING AN 
INCREASE OF MUCH LESS THAN ONE PERCENT (1%), ARE 
EXPECTED TO OCCUR AT THE SLATE CREEK HIGHWAY 50 
CULVERT OR AT THE RESERVATION ROAD BRIDGE DURING A 
ONE HUNDRED (100) YEAR EVENT.  THESE ADDITIONS WILL NOT 
ALTER THE PERFORMANCE OF THE TWO CROSSINGS DURING THE 
DESIGN STORM.  ON-SITE CULVERTS WILL NOT BE IMPACTED BY 
ADDITIONAL POST-PROJECT DISCHARGES.  THE ONLY EXISTING 
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CULVERT THAT MAY BE IMPACTED BY CONSTRUCTION OF THE 
FLYOVER DESIGN IS CULVERT 1.  BOTH THE OUTLET AND INLET 
TO THIS CULVERT APPEAR TO BE AFFECTED BY THE 
CONSTRUCTION OF THE EAST-BOUND ON-RAMP AND THE WEST-
BOUND OFF-RAMP, RESPECTIVELY.  ACCORDING TO THE 
ENGINEERED DRAWINGS FOR THE FLYOVER ALTERNATIVE, 
CUTTING AND FILLING WILL TAKE PLACE ON THIS CULVERT.  
THE UPPER PORTION OF THE OPEN CONCRETE DRAIN AT THE 
BASE OF THE HIGHWAY EMBANKMENT IN SUB-BASIN D2 WILL BE 
ALTERED BY CUTTING AND FILLING ACTIVITIES AS WELL.  
THEREFORE, THE FLYOVER INTERCHANGE DESIGN 
ALTERNATIVE IS EXPECTED TO RESULT IN A SIGNIFICANT 
MITIGABLE IMPACT TO THE ENVIRONMENT. 

AC AS WITH THE FLYOVER INTERCHANGE DESIGN, PRELIMINARY 
DRAWINGS SHOW THAT THE PLACEMENT OF THE EAST-BOUND 
OFF-RAMP AND THE WEST-BOUND ON-RAMP MAY INTERFERE 
WITH INLETS AND OUTLETS OF CULVERTS 1 AND 2 THROUGH 
CUT AND FILL ACTIVITIES OR THE PLACEMENT OF PYLONS AT 
THESE FEATURES.  THEREFORE, THE DIAMOND INTERCHANGE 
DESIGN ALTERNATIVE IS EXPECTED TO RESULT IN A 
SIGNIFICANT MITIGABLE IMPACT TO THE ENVIRONMENT. 

Mitigation  5.13-3   Impacts To Existing Drainage Structures 

The following mitigation will assure that the proposed project will result is a 
less than significant impact. 

(A) Mitigation measures for AB and AC.  Although project runoff does not 
increase flow in Slate Creek at the Reservation Road bridge, impacts at 
this structure could be lessened by retaining additional flows on-site 
within the Caltrans ROW or on the 5.6 acre (2.3 ha) trust parcel until 
the Casino/Hotel is constructed.  Once completed, the Casino surface 
drainage network will remove 3.12 acres (1.3 ha) from Sub-basin D1, 
somewhat reducing the design discharge.  

(B) Mitigation measures for AB.  Impacts to Culvert 1 can be mitigated by 
either replacing the culvert or creating a box entrance at the inlet side 
and extending the outlet past the on-ramp. 
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(C) Mitigation measures for AB.  Impacts to Sub-basin D2 structures can 
be mitigated by relocating the open concrete drain within the Caltrans 
ROW.  

(D) Mitigation measures for AC.  Impacts to culvert inlet and outlets by 
construction can be mitigated by placing pylons at least thirty (30) feet 
( 9.1 m) away from the culverts or re-engineering the culvert inlet and 
outlets to fit the structural needs at the project site. 

Impact          5.13-4     Cumulative Impacts To Drainage 

AA Under the No Project/Action Alternative, the interchange would not be 
constructed; therefore, no impact upon Drainage would occur on or around the 
project site.  The No Project/Action Alternative will not result in a 
cumulative impact to Drainage.  

AB, AC The only project specific drainage impact identified is related to an increase in 
impervious surface, that will result in an increase in flows into culverts.  The 
implementation of Drainage mitigation measures will assure that Alternative 
B and C will not significantly add to the cumulative impact of flows upon 
culverts.  Therefore, no Drainage impacts are anticipated to occur as a 
result of the proposed interchange project. 

Mitigation  5.13-4   Cumulative Impacts 

None required.   
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